Abstract-We propose a novel substrate for SERS bio-sensing composed of an hexagonal array of gold nanorods embedded in an anodically-oxidized alumina substrate, reaching a surface field enhancement up to 220 times.
INTRODUCTION
Anodically-oxidized alumina (AAO) [1] is a unique nanostructured material which can be prepared over macroscopic large areas with superb quality and fidelity, high resolution of nanopores down to tens-of-nanometers, and high aspect ratio. Free standing films of AAO pores filled with electrochemically deposited gold have applications in bio-sensing and Raman scattering [2] . Plasmonic functionality of Au-filled pores makes the AAO membrane spectrally selective in scattering light. This applies to microscopic detection of weak luminescence in cell-biology microscopic applications. We model the optical properties of the AAO-Au membranes.
The structure is shown in Fig. 1 , and is composed of a hexagonal array of gold nanowires of height h = 310 nm and diameter of 70 nm, embedded in a AAO substrate. The centerto-center distance is 100 nm, the nanowire ends are flush with the upper surface, and air holes extend from their lower end for the whole thickness of the substrate.
II. NUMERICAL SIMULATION
The structure performance was simulated by the 3D-FDTD method using the Lumerical software package. The simulation domain of 1 µm 3 volume is indicated by the brown box in Fig.  1 , and the yellow square is the surface field enhancement monitor. The substrate thickness was set to 1 µm, where the field values were considered negligible with respect to the surface. PML boundary conditions enclose the simulation on the top and bottom boundaries, and periodic boundary conditions are placed on the x-and y-boundaries. The array was illuminated by a linearly polarized total field-scattered field source alternatively x-and y-polarized, to detect crosssections and maximum field enhancement. The materials losses were realistically simulated by introducing complex refractive index values tabulated in literature and available in the Lumerical materials library.
III. RESULTS
978-1-4244-9837-6/11/$26.00 ©2011 IEEE The simulation was performed between 300 and 2000 nm wavelength, and the cross-section data, shown in Fig. 2 , show only slight differences between x-and y-polarization. In both cases, they suggest a significant absorption up to 800 nm wavelength, while they present three main scattering peaks located at 950, 1440 (1410 for y-polarization), and 1750 nm. These are related to the plasmonic resonances which control field enhancement at the interface between the sensor and the measured substance.
In fact, as we show in Fig. 3 for x-polarization, we have three strong |E| 2 enhancement peaks at 1070, 1440, and 1980 nm, with enhancement values of 160, 220, and 220, respectively. As the two outer peaks are off to the side of the respective scattering peaks, we consider them as dark plasmons. As shown in Fig. 4 , about 10% enhancement (with values of 13, 17, and 22, respectively) relates to the E z component, important as it governs surface carrier extraction.
In Fig. 5 we show for y-polarization that the same |E| 2 enhancement peaks are slightly moved to 1050, 1410, and 1950 nm, due to the slightly different effective distance between the rods along that axis, with enhancement values of 115, 340, and 350, respectively. The same reasoning as before applies to the two outer peaks, which we classify as dark plasmons. As shown in Fig. 6 , the E z component enhancement fraction is higher in this case, about 12% to 15%, with values of 14, 42, and 49, respectively.
In Figs. 7 to 10 we show the field configurations for the central peak, corresponding to the maximum extinction. In particular, in Fig. 7 we observe the field intensity enhancement on the substrate interface for x-polarization, focusing on the central part of the array farthest from the boundaries, where the effect of boundary truncation is the less. The field maxima are aligned with the source polarization, aligned between the rods. The recorded field maximum is very close to the boundary, which leads to consider a better prediction of the final performance the values around 130 that can be found near the center. Fig. 8 shows the enhancement in the xz-plane, which shows clearly how the hot-spots are placed at the interface for maximum interaction with the substance. Similar hot-spots are found at the bottom of the rods, while minor enhancement is found inside the air channels below the rods.
In the case of y-polarization, we show in Fig.9 the interface which, due to the rods displacement in the x-direction, bears hot-spots displaced along the diagonals between the rods. However, examining the central region where the field is flatter, we find good evidence of higher enhancement around 350 due to the tighter coupling between the rods in this direction. The maxima are also more numerous and more broadly distributed, which increases interaction with the sample, as can be seen by examining the yz-plane cut in Fig.  10 , where it is also clear that the field is strictly confined around the rods.
